transitions requires MRO order extending to at least third nearest-neighbor correlations associated with specific dihedral angles [7] . These correlations are also evident in valence band spectra as critical point structures associated with symmetry adapted linear combinations (SALC) of atomic states [7] . This scale of MRO is sufficient for a non-zero ligand field splitting, ΔLF, to be present in Si L 2,3 spectra. The valence band spectrum of a-Si with only short range order, bond-lengths and bond-angles, has only two 2p [8] , x-axis photon energies in Figs. 1 to 3 have been scaled linearly from the soft X-ray regime, ~98 eV to ~102 eV, to the visible-vacuum ultra-violet (vis-VUV) regime from ~2.3 eV to 6.3 eV by calibration with features from c-Si L 2,3 and epsilon 2 spectra from spectroscopic ellipsometry [9] . Figure 1 compares 2nd derivative Si L 2,3 X-ray spectra for c-Si and the 250°C GD a-Si(H) film. Qualitative features in these spectra are equivalent, but details are different. The c-Si spectrum shows more features in the 2p to 4s regime, whilst the a-Si(H) spectrum shows more strong features in the 2p to 3d regime. Differences within the 2p to 3d regime are explained by noting that the a-Si(H) L 2,3 spectrum reflects only MRO order, and is not subject to band structure long range periodicity effects as in c-Si. For example, fewer features in the c-Si spectrum are analogous to forbidden reflections in X-diffraction [10] . Figure 2 displays Si L 2,3 2nd derivative spectra for (i) the 125°C GD a-Si(H) film, and (ii) an a-Si film prepared by 30°C RPECVD. Each spectral trace displays two symmetric features centered at ~2.76 and 3.40 eV with the Si 2p S-O splitting of 0.6±0.1 eV. The two features are equivalent to the single feature centered at ~3 eV in vis-VUV spectral data [8] . The absence of multiple features between 3.6 eV and 5.6 eV in Fig. 2 , and in Fig. 1 of Ref.
11 indicates that ΔLF = 0 for these films. This confirms the absence of MRO order in a-Si films deposited at room temperature. The absence of MRO in the GD 125°C film derives from random dihedral angle correlations in disordered/curled dihydride (SiH 2 ) n chains. Figure 3 compares Si L 2,3 spectra for the a-Si(H) film c-Si and GD films deposited at 125°C and 275°C. Consistent with differences between 2nd derivative spectra compared in Fig. 1 , the fewer, but better defined spectral peaks for c-Si give fewer, more distinct features in the Si L 2,3 spectrum compared with the same spectrum of the 275°C GD a-Si(H) film. Comparing Figs. 1 and 2 , there are no significant spectral features in the Si L 2,3 spectrum of the 125°C GD film in Fig. 3 , consistent with absence of MRO.
Summary
The most significant aspect of the experimental results is the relationship between MRO in the 275°C GD a-Si(H) films, and low defect densities that are enabling for applications in a-Si:H PV and TFT devices [1, 3] . Low defect densities and MRO derive from the ability for H-atoms or protons to diffuse within the a-Si matrix at the higher temperatures, 250 to 300°C, but much more slowly at 125°C. This H-diffusion allows local relaxations in the 275°C film, and these propagate to at least 3rd next-nearest neighbor Si atoms. This atomic volume amplification factor means that with ~10 atomic % H, approximately 40 % of the atoms display MRO, exceeding a critical volume percolation threshold of ~16.5%, [11] . A relatively small concentration of Si-H bonds then promotes local strain reduction throughout the film, but not necessarily reduction of macroscopic strain. This combination of macroscopic strain, with localized microscopic strain relief parallels what occurs at Si-SiO 2 interfaces annealed at 900°C [12] . When this analysis is applied to GD films with H-dilution and/or to hot wire deposition, each with 5-6 % monohydride bonding, the percolation threshold for local strain relief is also exceeded, explaining low defect densities [13] . MRO at Si-H sites is likely related to polymorphic precursor effects. H atoms released from Si-H bonds at temperatures ~450 to 700°C, are likely to be nucleation sites for micro/nano-crystallite formation and subsequent growth. 
